ABSTRACT
In this field trial, a protocol for the treatment of retained fetal membranes (RFM) without any intrauterine therapy was compared with 3 protocols based on the intrauterine use of antibiotic pills (AP), the manual removal (MR) of the fetal membranes, or the combination of both (PR). The study was conducted on 5 commercial dairy farms in Germany. Cows with RFM for at least 24 h after calving were assigned to 1 of 4 treatment groups. Cows of all groups with a rectal temperature ≥39.5°C received a systemic antibiotic treatment with ceftiofur (1 mg/kg per d) for 3 to 5 consecutive days. In case of continued fever after 5 treatments, cows received a different antibiotic as an escape therapy. In the reference group (REF; n = 131), cows did not receive any additional treatment. All cows in group AP (n = 119) received intrauterine treatment with antibiotic pills consisting of 1,000 mg of ampicillin and 1,000 mg of cloxacillin for 3 consecutive days. In group MR (n = 121), an attempt was made to remove the fetal membranes manually, but uterine pills were not administered. In group PR (n = 130), an attempt was made to remove the fetal membranes manually and all cows received a local antibiotic treatment as in group AP. All cows received 2 doses of 25 mg of PGF 2α : one dose between 18 and 24 d and another between 32 and 38 d postpartum. Statistical analyses were performed using binary logistic regression models and survival analyses with group REF as reference. Of all animals, 79.8% had a body temperature of ≥39.5°C at least once within 10 d postpartum and were treated with ceftiofur. Occurrence of fever within 10 d postpartum was significantly lower in groups AP and PR compared with reference group REF, but was not different between groups MR and REF. Risk of receiving an escape therapy in case of fever after 5 treatments with ceftiofur did not differ among groups. Reproductive performance measures did not differ significantly between group REF and any of
INTRODUCTION
The retention of the fetal membranes (RFM) is defined as the failure to expel the fetal membranes within 12 to 24 h after calving (Fourichon et al., 2000) . Average incidence of RFM ranges from 4 to 11% of calvings (Eiler, 1997) . Many cows with RFM have elevated body temperature as a sign of acute metritis. For dairy cows with RFM, the incidence of fever (≥39.5°C) varies between 36 and 95% (Dinsmore et al., 1996; Drillich et al., 2003) . A meta-analysis by Fourichon et al. (2000) of several publications revealed a negative impact of RFM on reproductive performance of affected cows in the current lactation. However, the results of the evaluated studies were heterogeneous (Fourichon et al., 2000) . The frequent occurrence of metritis after RFM was identified as the main reason for reduced fertility of cows with RFM Gröhn and Rajala-Schultz, 2000) .
The therapy of RFM in cattle has been a controversial subject for many years. Manual removal of the RFM and an intrauterine antibiotic treatment are common in veterinary practice in Europe (Laven, 1995) and, to a lesser extent, in the United States and Canada. Some studies have shown that the intrauterine manipulation decreases uterine defense mechanisms (Paisley et al., 1986; Peters and Laven, 1996) and impairs subsequent fertility (Bolinder et al., 1988) . However, in a retrospective study on 1,702 cows with RFM, Dyrendahl et al. (1977) showed some positive effects of the manual removal of the retained placenta on reproductive perfor-mance. The efficacy of intrauterine administration of antibiotics has been questioned because of multiple interactions of the antibiotic substances with uterine contents and varying degrees of absorption (Paisley et al., 1986; Eiler, 1997) . Therefore, overdosing (i.e., extralabel drug use) is frequently practiced in the field to reach effective concentrations of antibiotics in uterine tissue. It has been demonstrated that there is a high risk for residues in milk with extra-label use of administration (Dinsmore et al., 1996) .
For cows with acute metritis, often associated with RFM, a systemic antibiotic treatment is recommended by Zhou et al. (2001) and Sheldon and Dobson (2004) . Okker et al. (2002) have demonstrated that subcutaneous administration of 1 mg of ceftiofur/kg of BW results in concentrations of ceftiofur derivates in uterine tissues and lochial fluids that exceed the reported MIC for the common pathogens; for example, Escherichia coli and Fusobacterium necrophorum. The MIC values assumed by Okker et al. (2002) were confirmed recently by who determined the MIC values of ceftiofur and other antimicrobial drugs against bacteria that cause uterine infections. The clinical efficacy of a systemic antibiotic treatment with ceftiofur in cows with acute metritis has been evaluated in several studies (Smith et al., 1998; Drillich et al., 2001; Zhou et al., 2001; Chenault et al., 2004) , but there are only few studies on cows with RFM (Drillich et al., 2003; Risco and Hernandez, 2003) . Drillich et al. (2003) demonstrated that a systemic application of ceftiofur (1 mg/ kg of BW) without manual removal of RFM results in a similar treatment efficacy and reproductive performance compared with conventional intervention; that is, manual removal of the retained placenta and application of local antibiotics. However, in that study, there were only 35 cows per group and the design did not allow for separation of effects of local antibiotic treatment vs. effects of manual removal of the placenta on the treatment outcome.
The objective of the current study was to test the hypothesis that a systemic antibiotic treatment of cows with RFM with ceftiofur only in case of fever and without any local therapy is at least as efficacious as a strategy based on the additional manual removal or the application of uterine antibiotic pills, or both. The verification of this hypothesis would support efforts to reduce the amount of antibiotics used in the field and help to implement the guidelines for prudent use of antibiotics in cattle.
MATERIALS AND METHODS
The study was conducted in 5 commercial dairy herds ticipating farmers and veterinarians were informed about relevant characteristics of the study and agreed with the study design. On each participating farm, between 780 and 1,570 Holstein cows were housed in freestall barns with slotted floors and cubicles. At least 1 wk before expected calving, cows were moved into a free-stall barn with straw bedding. The cows were fed a TMR on each farm and milked 3 times daily. Herd average milk yield was between 9,400 and 10,800 kg per lactation.
Primiparous as well as multiparous cows that retained their placenta for at least 24 h after calving were included in the study. Cows eligible for the study were assigned on each farm in an alternating order to 1 of the 4 treatment groups. Decisions about enrollment of cows into the study were made in the morning. Therefore, the day of enrollment was d 1 or 2 postpartum, depending on the time of calving. If 2 or more cows with RFM had calved on the same day, the cow with the lowest ear-tag number was examined first and enrolled according to the enrollment scheme before the next cow was examined. Cows undergoing a caesarean section and cows that were not supposed to be bred after calving were not included in the study. All cows that received anti-inflammatory or systemic antibiotic drugs within 10 d postpartum (PP) for purposes not related to the study (e.g., acute mastitis) were excluded from the trial.
During the first 10 d PP, rectal body temperature was measured daily in all cows enrolled in the study. In all treatment groups, all cows with a body temperature ≥39.5°C (i.e., fever) within the first 10 d PP received a systemic antibiotic treatment consisting of 1 mg of ceftiofur/kg of BW (Excenel RTU, Pfizer Animal Health, Karlsruhe, Germany) applied subcutaneously for 3 consecutive days. Cows with fever for more than 3 d received ceftiofur (1 mg/kg) for another 2 d. In case of fever after 5 d of treatment with ceftiofur, cows were regarded as treatment failures and received an escape therapy chosen by the local veterinarian.
In reference (REF) group, the only therapy applied was the systemic antibiotic treatment with ceftiofur in case of fever. Cows without fever in the REF group did not receive any antibiotic treatment. No attempt was made to remove the fetal membranes and no intrauterine antibiotic pills were administered.
All cows in the antibiotic pills (AP) treatment group received an intrauterine treatment with 2 antibiotic pills with 500 mg of ampicillin and 500 mg of cloxacillin per pill (Aniclox, Animedica, Horb, Germany) for 3 consecutive days, beginning at the day of enrollment. No attempt was made to remove the fetal membranes manually.
In the manual removal (MR) treatment group, an attempt was made, on the day of enrollment, to remove the fetal membranes manually for a maximum of 10 min. If unsuccessful, the attempt was repeated on each of the next 2 d. Uterine pills were not administered in this group.
In the combination (PR) treatment group, all cows received an intrauterine treatment with 2 antibiotic pills as in group AP. In addition, an attempt was made to remove the retained placenta as described for group MR. If necessary the attempt was repeated on each of the next 2 d.
All cows enrolled in the study were treated with 25 mg of PGF 2α intramuscularly (Dinolytic, Pfizer Animal Health) between 18 and 24 d PP and again between 32 and 38 d PP. All diagnoses and treatments were documented on case report forms and monitored regularly for each cow. The case report forms remained on farm to assure that all cows received the correct treatments on subsequent days. At the end of the study, case report forms were checked for compliance. Cows with incomplete treatments were retrospectively withdrawn from the study.
The voluntary waiting period varied among the herds from 40 to 50 d PP. In all herds, cows were bred on observed estrus. No timed breeding protocols (e.g., targeted breeding or Ovsynch) were used. Cows not pregnant after breeding and cows not observed in estrus within 30 d after the end of the voluntary waiting period were examined by rectal palpation by a veterinarian. Cows with a palpable corpus luteum received PGF 2α to induce estrus. Other findings (e.g., cystic ovaries) were treated according to the diagnosis.
All cows included in the study were followed up for 200 d PP. The reproductive performance variables monitored and documented were: days to first service for inseminated cows, days to pregnancy for pregnant cows, first-service conception rate, total conception rate (number of cows pregnant by total number of inseminations), cows pregnant, and cows culled within 200 d PP.
Cows not pregnant within 200 d PP were regarded as open, even if they remained in the herd and got pregnant later in lactation.
Statistical Analyses
Data were analyzed using SPSS for Windows (Version 12.0, SPSS Inc., Munich, Germany). Binary logistic regression models were calculated for the risk of receiving an escape therapy and for the risk of conception after first service as outcome variables. The risk of receiving an escape therapy was calculated only for cows with fever within 10 d PP. Survival analyses for the hazard of fever within 10 d PP, and the hazards of insemination, pregnancy, and culling within 200 d PP, respectively were performed using Cox-Regression. For logistic regression models as well as for survival analyses, treatment group (REF, AP, MR, and PR), herd (1 to 5), and parity class (0 = multiparous; 1 = primiparous), and fever (0 = no; 1 = yes) were included as covariates. Adjusted odds ratios, hazard ratios, confidence intervals, and P-values are reported. Fever was not included as covariate in the models for the first day of fever. For all logistic regression models and survival analyses, group REF was the reference group. The reference herd for covariate "herd" was chosen for each analysis with regard to the practical relevance of the data for the farmer; that is, the herd with the numerically best value for each variable was chosen as reference herd.
For logistic regression as well as for survival analyses, confidence interval was set at 95% and level of significance at α = 0.05.
RESULTS
A total of 563 cows were initially enrolled in the study. Sixty-two cows (11.0%) were not treated according to the study protocol, treated with antibiotics for other than study purposes, or the data were not documented consistently. Those cows were withdrawn from the analyses (12, 21, 21, and 8 cows in groups REF, AP, MR, PR, respectively). Thus, 501 cows were included in the final analyses. Table 1 presents descriptive data for clinical and reproductive performance measures for the 4 treatment groups considering cows with and without fever. The descriptive data of clinical and reproductive performance for herd is shown in Table 2 . In the logistic regression models shown in Table 3 , for the risk of receiving an escape therapy, herd 4 was chosen as reference for covariate "herd", because it showed the lowest proportion (7.7%) of cows with an escape therapy ( Table  2) . For the risk of conceiving after first service, herd 1 was chosen as reference herd, because it achieved the highest first-service conception rate (37.3%; Table 2 ). Results of the survival analyses are shown in Table 4 . In the survival analysis for the outcome fever, herd 1 was chosen as reference for the covariate "herd" because herd 1 had the lowest proportion of cows with fever within 10 d PP (65.5%; Table 2 ). For survival analyses on insemination, pregnancy, and culling within 200 d PP, herd 2 was chosen as reference, because this herd showed the numerically highest proportion of cows inseminated (91.9%) and pregnant (67.7%), and the lowest proportion of cows culled (9.1%; Table 2 ).
Treatment Groups
Possible interactions of treatment group and herd as well as interactions of treatment group and parity on the outcome variables were tested but were not significant (P > 0.05). Survival analysis revealed that hazard of fever within 10 d PP was significantly lower (P < 0.05) in groups AP and PR compared with group REF (Table 4 ). Figure 1 presents the cumulative proportion of cows with fever within the first 10 d PP. The risk for receiving an escape therapy after a maximum of 5 treatments with ceftiofur was not significantly affected by treatment group (Table 3) . The logistic regression model for the risk of conceiving after first service (Table  3) and survival analyses for the hazards of insemination, pregnancy, and culling within 200 d PP, respectively, indicated that those variables were not significantly affected by treatment group (Table 4) . Cows with Fever. Of all animals included in the study, 79.8% had a body temperature of 39.5°C or above at least once within 10 d PP and were treated with ceftiofur. Cows with fever within 10 d PP were more likely (P < 0.05) to conceive after first service than cows without fever (Table 3) . None of the variables tested by survival analyses was significantly affected by the occurrence of fever (Table 4) .
Herd
Logistic regression models showed that the risk for receiving an escape therapy as well as the risk for conceiving after first service was not significantly influenced by the covariate "herd" (Table 3 ). However, the risk for receiving an escape therapy was significantly higher in herd 3 (P < 0.05), and the risk for conceiving after first service was significantly higher in herd 4 (P < 0.05) compared with the reference herds (Table 3 ). Significant effects of the covariate "herd" (P < 0.05) were detected for all outcomes calculated in the survival analyses; that is, hazards of fever within 10 d PP, insemination, pregnancy, and culling within 200 d PP (Table 4) .
Parity. Among primiparous cows with a retained placenta, 90.9% had a fever within 10 d PP, whereas, of multiparous cows, only 75.4% had a fever. Survival analysis indicated that primiparous cows had a significantly higher hazard of fever within 10 d PP than multiparous cows (P < 0.01; Table 4 ). In the logistic regression model, there was a tendency (P = 0.06) for primipa- rous cows to be at higher risk for receiving an escape therapy than multiparous cows (Table 3) . Survival analyses showed that hazards of insemination and pregnancy within 200 d PP were significantly higher in primiparous than in multiparous cows (P < 0.05). Primiparous cows were less likely to be culled than multiparous cows (P < 0.05, Table 4 ).
Number of Antibiotic Treatments
Total antibiotic treatments per group, including systemic and local treatments as well as escape therapies, are shown in Table 5 . For the calculation, the escape therapy (chosen by the local veterinarians) was considered to consist of 3 antibiotic treatments. Numerically, the number of antibiotic treatments was higher in groups AP and PR, in which antibiotic pills were administered to all cows, than in groups REF and MR, in which only cows experiencing a fever received antibiotics.
DISCUSSION
The local antibiotic treatment and the manual removal as a treatment of retained fetal membranes in One treatment = 1 mg of ceftiofur/kg of BW. Individual cows with rectal temperatures ≥39.5°C each received 3 to 5 daily treatments.
3
One treatment = 2 uterine pills consisting of 1,000 mg of ampicillin and 1,000 mg of cloxacillin and each cow in those groups received a treatment on 3 consecutive days.
4
The escape therapy was considered to consist of 3 antibiotic treatments.
dairy cows has been an issue of controversy in the literature as well as in veterinary practice for many years (Paisley et al., 1986; Bolinder et al., 1988; Drillich et al., 2003) . The trial described herein is one of the largest prospective, controlled field studies on the efficacy of different treatment protocols for retained fetal membranes published in many years. People making decisions about inseminations, culling, and so on, should have been unaware of the assignments of cows to treatment groups. However, practical considerations with respect to logistical problems led to a study design that was not blinded.
The incidence of fever within the first 10 d PP was relatively high in all herds in this trial compared with the results of other authors (Stevens et al., 1995; Dinsmore et al., 1996) . However, in previous field studies on large dairy farms in Germany, the incidence of fever in cows with RFM was similar (Drillich et al., 2003 (Drillich et al., , 2005 . Fever as a sign of systemic illness indicates that the retention of the fetal membranes is often associated with acute metritis (Correa et al., 1993; Laven and Peters, 1996) . The current results showed that the proportions of cows with fever were higher in groups REF and MR (that did not receive intrauterine antibiotic pills) in contrast to groups AP and PR, in which all cows received antibiotic pills. However, the local administration of antibiotics was not effective to prevent fever in all cows. More than 70% of the cows developed a fever even though they received local antibiotics. Moreover, in most of the cows in groups MR and PR, manual removal of the fetal membranes did not prevent fever. In addition, there was large variability among herds, indicating that herd-specific factors, such as hygiene or bacterial flora, play an important role in the occurrence of fever. It was not the aim of the study to clarify the exact origin(s) of fever. Because there was no control group of cows with untreated fevers, it remains unclear if the reduced number of cows with fever after treatment with ceftiofur was a result of the antibiotic treatment or a consequence of a spontaneous cure. The proportion of cows requiring an escape therapy after 5 treatments with ceftiofur was not affected by treatment group.
With regard to reproductive performance variables, no statistically significant differences were found between the reference group and the other 3 groups. This indicates that neither the application of uterine pills nor the manual removal of the fetal membranes or the combination improved reproductive performance compared with group REF. This is in accordance with the results of an earlier study (Drillich et al., 2003 ) that compared 2 treatment groups similar to groups REF and PR of this trial, although the number of cows in that study was only 35 in each group. Bolinder et al. (1988) even found a negative impact of a manual detachment of the fetal membranes but such a detrimental effect was not observed in the current study.
There was a pattern of lower values for first-service conception rates, total conception rates, and proportion of cows pregnant by 200 d PP in group PR (Table 2) , although these results were not significantly different from group REF. This might indicate that the combination of both uterine manipulations (group PR) had a negative impact on reproductive performance, whereas each manipulation by itself (groups AP and MR) did not result in such an effect. One hypothesis for this observation could be that the manual removal as well as local application of antibiotics impairs uterine defense mechanism only marginally, whereas the combination of both manipulations has a more pronounced negative effect (Paisley et al., 1986) .
Because of the study design, it was expected that the largest amounts of antibiotic drugs would be used in groups AP and PR. Even though proportions of escape therapies applied in groups REF and MR were numerically higher than in groups AP and PR, the total number of antibiotic treatments per cow was lower in groups REF and MR. The selective systemic antibiotic treatment of cows with RFM only in case of fever can support efforts to reduce the amount of antibiotic drugs used in food-producing animals. Further, the subcutaneous administration provides concentrations of ceftiofur in uterine tissues and lochial fluids that exceed MIC values for common uterine pathogens (Okker et al., 2002) . Both a selective treatment and a reliable route of administration are in accordance with the recommendation of the World Health Organization for the prudent use of antibiotic drugs to prevent antimicrobial resistance (WHO, 1997).
Logistic regression revealed that the risk of conceiving after first service was affected by the occurrence of fever within the first 10 d PP. Surprisingly, the risk of conceiving after the first service was significantly higher for cows with fever within 10 d PP than for cows without fever. It remains speculative if this result is the effect of the antibiotic therapy for cows with fever. This treatment might have supported a bacteriologically negative status of the uterus at the day of first service. An alternative explanation is that fever itself indicates the reaction of the immune system against the inflammatory noxa and therefore can be regarded as a sign for an intact immune response (Laroux, 2004) . However, this observation was not confirmed by statistically significant differences for any other measure of reproductive performance. Additionally, the unbalanced number of cows with and without fever might bias the results.
The occurrence of fever as well as efficacy of therapy as measured by the number of escape therapies applied was influenced by parity. A higher incidence of acute metritis in primiparous cows has also been described by Markusfeld (1987) . It is well known that heifers have a higher incidence of dystocia (Dematawewa and Berger, 1997) , which is a risk factor for acute metritis. had significantly higher hazards for insemination and pregnancy within 200 d PP and a lower risk for being culled than multiparous cows. This is in line with a number of recent publications on better reproductive performance in primiparous than in older cows (Cartmill et al., 2001; Tenhagen et al., 2004) .
Respective proportions of cows inseminated, pregnant, and culled were significantly influenced by herd, indicating a strong influence of management factors on reproductive performance.
CONCLUSIONS
This large-scale field trial demonstrated that neither local antibiotic treatment nor manual removal of the retained placenta or the combination of both resulted in an improved clinical efficacy or reproductive performance compared with an exclusive systemic antibiotic treatment of cows experiencing fever. Only the incidence of fever within 10 d PP was reduced by local antibiotics. Clinical and reproductive performance variables were influenced by herd and parity. The treatment of cows with RFM with antibiotics only in case of fever and the selective use of systemic rather than local antibiotics were efficacious and this is consistent with the principles of prudent use of antibiotics in cattle.
